The aims of the study were to describe the phenomenon of androgyny (a change in the sexual behaviour of individuals) in Salix myrsinifolia, and to consider the implications of androgyny for the sex structure of local populations and for the sex structure of the species across a larger geographical range. Field surveys of the sexual behaviour of individuals and populations of Salix myrsinifolia were carried out over nine years (1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997) in an area of 40,000 km 2 of NE-Poland. More detailed studies were performed on populations in Polana Bial / owieska (the Bial / owieża Clearing) in the Bial / owieża Primeval Forest, in the Bial / ystok area, in the Biebrza Valley and in the experimental garden and laboratory of the Bial / owieża Geobotanical Station.
Introduction

Bisexuality and polygamy in the genus Salix
Although the genus Salix is characterized as dioecious, the sporadic occurrence of androgyny and polygamy has long been observed among several lowland species of willow (Faliński 1997b (Faliński , 1998 . Androgyny normally refers to the presence of separate male and female flowers on the same plant. In this context it refers to an unstabilized form of bisexuality and is a phenomenon associated with the flower, the infloresence and the individual. In plants, polygamy means the co-occurrence and function of monosexual and bisexual individuals in a population (Schubert & Wagner 1993) . Thus the issue of polygamy can only be considered with reference either to a particular population or to a group of populations, or to a species as a whole.
Most early reports of unstable bisexuality in Salix are for Salix myrsinifolia Salisb. (S. nigricans Sm.; Fig. 1 ) and they document a wide range of morphological variation. Nevertheless, the number of cases involved has been small and the phenomenon is not represented abundantly in herbarium collections (see Table 3 and Discussion). It is interesting to note how earlier researchers viewed the phenomena of androgyny and monoecy of willows (Hegelmaier 1866; Dorn 1875; Hibsch 1875; Bail 1878; Potonié 1892) and described the biology of flowers and flowering among willows (Hampe 1840; Hegelmaier (1989) (1990) (1991) (1992) (1993) (1994) (1995) . Branches were later transplanted to the experimental garden. The photograph was taken two years after transplanting (Photo J.B. Faliński).
1879 ; Burkil 1898; Strasburger 1900) . In general, androgyny was treated as a freak of nature (lusus naturae), as an anomaly, or as a teratological form (see titles of work from: Turpin 1833; Henry & Marquart 1841; Leefe 1841; Magnin 1878; von Seemen 1887) . As recently as 1979 Chmelar & Meusel referred to "freaks of nature" among willows. Indeed, even more recent floras and specialist identification keys do not mention the occurrence of androgyny and polygamy in the genus (see Neumann 1981; Lautenschlager 1983; Meikle 1984; Martini & Paiero 1988) . However, Stace (1997: 230) wrote: "Bisexual catkins are not rare, especially in hybrids, including some of those noted as female only". The sporadic bisexuality of flowers, inflorescences and individuals, and hence the polygamy of some species of willow, was thus by earlier researchers foremostly treated as a departure from the monosexuality of flowers, inflorescences or individuals, and from the dioecy which characterizes the genus as a whole.
Linné (1753) advocated a "taxonomic approach" to exceptional phenomena. For example, some 20 years after the publication of "Systema Plantarum" in 1733 he described Salix hermaphrodita (as a form of S. pentandra). Following this lead, during the 19th and early 20th centuries different departures from dioecy had been described as separate forms, variants and subspecies of what were fundamentally dioecious species. Several examples of this approach can be found in the work of Rainio (1927) .
In the present study dioecy is treated as one of eleven biological features which characterize woody pioneer species (Faliński 1980a (Faliński , 1980b (Faliński , 1991 (Faliński , 1996 (Faliński , 1997a (Faliński , 1997b , thus augmenting the list established by other authors, notably Iversen (1973) . Dioecy is a feature of all species of Salix and hence of one of the largest genera of woody plants, with some 300 species according to Rehder (1940) , Skvorcov (1968) and Chmelar & Meusel (1979) , or 500 according to Rechinger (1958) and Krüssmann (1978) . The genus also exhibits entomogamy and anemochory, both features are regarded as characteristic of pioneer plants (Faliński 1980a (Faliński , 1996 . In comparison, Populus, also a member of the Salicaceae, has only 40 species. These are also dioecious, though anemogamic and anemochoric, and bisexuality occurs rather rarely.
At the level of the species, polygamy in Salix may reflect one of the following morphological types (Fig. 2 ): 1. The individual is bisexual because some or nearly all flowers in the catkin develop into bisexual flowers. In some cases, the pistil and stamen are fully developed and function properly, but in others one structure may remain relatively undeveloped. On different shrubs or trees only some of the catkins develop in such a way while the rest remain monosexual. In a local population, the proportion of individuals with bisexual flowers is limited. 2. The individual is bisexual because there has been a functional division of catkins into a part with male flowers and a part with female flowers. 3. The individual is bisexual because flowers of both sexes appear mixed together within a catkin, but they are always monosexual, fully-developed and properly functional ( Fig. 1 ). General descriptions of the development and variability of bisexual flowers (i.e. type 1) have been given by Rainio (1927) , and later by Maljutina (1972 Maljutina ( , 1973a Maljutina ( , 1973b Maljutina ( , 1974 and Maljutina & Maljutin (1972) mainly for Salix myrsinifolia and S. cinerea and their hybrids. In contrast, there appears to be no literature referring to the development of different kinds of catkins (types 2 and 3), and the presence of bisexual and polygamous individuals in such populations apart from occasional reports of "aberrant taxonomic" forms and "anomalies" (see above). The study by Elmqvist et al. (1988) devoted to the reproductive biology of S. myrsinifolia did not address the issues of bisexuality and polygamy in this species.
Based on long-term observations of marked willows and examination of herbarium materials, I have come to the conclusion that polygamy as a result of the development of one of various forms of bisexuality in individual willows has recently become much more frequent in Poland. It is sometimes even common and has persisted for many years (Faliński 1996 (Faliński , 1997b ). This conclusion that polygamy is increasing in some populations of willows relates to the spread of bisexuality of the second and third types in S. myrsinifolia. In this monograph I describe the phenomenon chiefly in relation to the population structure and geographical range of this species, and the environmental conditions where it occurs. I have also observed the same form of bisexu-ality (i.e. catkin bisexuality) in the study area in other related species (i.e. S. cinerea, S. caprea and S. aurita), but much more rarely.
Salix myrsinifolia as a study subject
Salix myrsinifolia is a Euro-Siberian willow species. In Europe's flora, it represents the boreal-montane (or as appropriate the boreal) type of distribution. The more extensive, north-eastern part of its geographical range also includes NE-Poland, from the Warmia Lowland and Olsztyn Lakeland through to the north-west, and via the North Mazowsze (Mazovian) Lowland, the North Podlasie Lowland and the valley of the Upper Bug to the southeast (Fig. 7) .
Salix myrsinifolia (S. nigricans) (Section Caprisalix; Rechinger 1958; Lautenschlager 1983 ) is a tall shrub or small tree (it grows to over 7 m in England; Meikle 1984) . The species has a girth of 20-35 cm at ground level and lives for up to 45 years. In NEPoland, it flowers in May and June, before the leaves have developed. However, protandry is not as marked as it is in S. caprea, S. aurita and S. cinerea. Salix myrsinifolia is among the most variable willow species (Enander 1910; Hörandl 1992) . The number of chromosomes is 2n = 38, 6n = 110 (Dreschler in Neumann 1981) . Hybrids are formed with 20 other species of willow (Neumann 1981) , but most often with S. caprea, S. cinerea and S. aurita. There is a marked sexual dimorphism in the foliage of shrubs: the part of branches where male catkins were present previously remain without leaves even in early summer. The habit of shrubs and branches is strongly affected by browsing and debarking by large herbivores (Cervidae). In addition, larger branches are often debarked and the bases of shrubs chewed away by beavers (Castor fiber). Bisexual individuals in a population can often be distinguished by their vigorous growth, as well as by the abundance of bisexual catkins which are often larger than other catkins.
In NE-Poland, S. myrsinifolia only occurs in habitats modified by man: in exploited fens where the peat undergoes oxidative decomposition, beside abandoned drainage ditches, and especially in excavations and depressions in which household rubbish, chemicals (including pesticides) and used equipment (like televisions, fridges, etc.) has been dumped. The species often occurs abundantly with S. cinerea and S. pentandra, but it avoids habitats that are permanently waterlogged.
Aims
The aims of this study were to describe the phenomenon of androgyny in Salix myrsinifolia as a change in the sexual behaviour of individuals, considering the implications for the sex structure of local populations and for the species as a whole across part of its geographical range.
The following information was used to characterize androgyny and polygamy in S. myrsinifolia: 1. The patterns of variability and diversity among catkins in terms of the positioning of flowers of both sexes (bisexuality of the inflorescence and the individual).
2. The frequency of occurrence of bisexual and monosexual catkins on individual shrubs. 3. The permanence of the sexual characteristics of bisexual individuals over periods of many years. 4. The sex structure of local populations and their variability as measured by an index of polygamy. Local and regional variability in populations of S. myrsinifolia: in addition to field studies an attempt was made to investigate the duration and rate of spread of androgyny and polygamy by examining herbarium specimens for the presence of bisexual vouchers (Table 3; Faliński 1997c Faliński , 1997d . In all these aspects of the research, an important question was the extent to which environmental factors are responsible for the present increase in androgyny and polygamy in the species.
Material and methods
Field research on individuals and populations of Salix myrsinifolia was performed over nine years (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) in an area of some 40,000 km 2 of NE-Poland. Work was concentrated in Polana Bialowieska (the Bial / owieża Clearing) in Bial / owieża Primaeval Forest, in the Bial / ystok area, in the Biebrza Valley, and in the experimental garden and laboratory of Bial / owieża Geobotanical Station. The location of the study sites, and the reference numbers given to them can be taken from Figs. 5, 6 and 7; reference numbers are given in italics in the text.
The main study was preceded by a pilot project to establish the relative frequency of bisexual individuals in different populations within selected areas of the NE-Polish range of the species. At the same time the first bisexual individuals (that is plants with male, female and bisexual catkins) to be found were marked in order to study the permanence of this feature in individual plants. More than 3300 individuals of S. myrsinifolia, including c. 600 bisexual ones, were investigated.
The research programme involved the following observations and experiments: 1. The variety of patterns in the spatial partitioning of genders on bisexual catkins were recorded in terms of twelve catkin types (Fig. 2) on selected shrubs or trees.
The relative frequency of the different types at different positions on 100 shoots was recorded for 873 catkins in a population at Jaginty (639; Fig. 7 ). 2. The frequency and persistence of androgyny in three local populations in the neighbourhood of Bial / owieża (168; 169; 184ab; Fig. 5 ) was investigated by long-term observations of 100 shrubs in each population. The plants chosen were vigorous and sufficiently far apart to exclude possible linkage by roots. In cases of doubt, account was taken of morphological and developmental features of neighbouring shrubs (shape, colour and degree of development of leaves and catkins, pattern of branching, colour of branches, reaction to browsing, etc.). In the observation period, all individuals were given numbered tags and their branches were paintmarked in relation to the sex of the catkins: yellow for males, red for females and yellow + red for bisexual ones.
Individuals not yet in flower at the time of observation were marked white, with the appropriate change being made following the initiation of flowering. Annual measurements were made of the height and breadth of each shrub, and the number of catkins was estimated (according to the classes <10, 10-100, 100-1000, 1000-10,000, >10,000). The proportions of catkins on each shrub that were male, female and bisexual were also analyzed each year (to the nearest 10%). The survey work was done in the spring of nine successive years (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) when the plants were in full flower, and particular attention was paid to possible changes of gender (from bisexual to monosexual and vice versa), as well as to changes in sex ratios and in patterns of spatial partitioning of genders. Repeated observations (in 1995 and 1997) were also made using the same methods for two very large populations of Salix myrsinifolia in the Bial / ystok suburbs ( Fig. 6 ; 650; 400 shrubs) and the Biebrza Basin (660; 500 shrubs). In addition, all 29 local populations at Polana Bialowieska (57-74, 77-80, 92, 96, 168, 169, 183, 184a, 184b) were investigated on one occasion, but with more precise definition of the environmental conditions. For this purpose an index of ruderalization (i.e. anthropogenic transformation) of habitats was developed. This index took account of the following factors, each recorded on a five-point scale: distance from the edge of a settlement, habitat transformation, dumping of chemical wastes, and proportion of ruderal plants (maximal score (= 4 × 5) = 20; cf. Fig. 8) .
In all cases, the sex structure of a local population was described with the aid of the author's own index of polygamy expressing the proportion of bisexual individuals in relation to the total number of individuals whose gender could be scored. 3. The incidence of polygamy in 42 local populations across the whole range of S. myrsinifolia in NE-Poland (601-640) was surveyed. With the aid of maps, the work was organized on a grid with intervals representing every 20' of latitude and every 1 degree of longitude. The largest possible population of the species at or near the designated point was then located (Fig. 7) . Where there were no populations in the immediate vicinity of the grid point, the species was sought further afield. In no case was the distance from a planned grid intersection greater than 1-2 km, and only at the limits of the range did it become impossible to obtain samples (three populations 
Results
Forms of bisexual catkins
The bisexuality of Salix myrsinifolia catkins in the study sites was expressed by various types intermediate between entirely male and entirely female. With the exception of one type, both sexes were spatially separated. The partitioning of the genders within a catkin mainly took place transversely, but in one case a longitudinal separation was observed. It is thus usually possible to speak of the division of a bisexual catkin into male and female sectors (cf. Fig. 1 ). Most frequently, the female flowers occupied the upper 2/3 to 1/3 of a catkin, while in an extreme case they only occurred at the apex. The remaining parts had male flowers ( Fig. 2: type 3-7) . The reverse location of flowers, i.e. male in the upper part of the catkin and female in the lower part, was very rare (type 10). In most cases flowers of one of the sexes dominated. Occasionally, catkins were found devoid of flowers or with under-developed flowers in extreme positions, e.g. at the bases of female catkins or at the apex of some male ones (type 2 and 8). The rare cases of catkins with a longitudinal division by gender, i.e. with stamens concentrated on one side and pistils on the other, exhibited a characteristically arched catkin in which the male flowers were on the inner (ventral) side. This form (type 11) was still rarer than the form on which properly-developed flowers of both genders were mixed together (type 12). Bisexual catkins were usually larger than monosexual ones -a feature that was particularly marked at the end of fruit maturation. Particularly large bisexual catkins up to 15 cm long were characteristic of S. myrsinifolia shrubs in the population from Bial / ystok (650). In most cases flowers on bisexual catkins were as fully developed as on monosexual ones, but the male segment usually developed before the female one. By the time of pistil ripening and pollination, stamens have Fig. 3 . Germination of S. myrsinifolia seeds from female and bisexual catkins. A: seeds from a female shrub, B: seeds from bisexual catkins on a bisexual shrub, C: seeds from female catkins from the same bisexual shrub. In each case 400 seeds were used, taken from 20 capsules from each of 20 catkins. There were no significant differences in germination rates between the seed types (Kruskal-Wallis test, P > 0.05). already dried-out and have empty anthers. Seed germinability of seeds derived from female or bisexual catkins did not differ significantly ( Fig. 3 ; Kruskal-Wallis test, P > 0.05).
The frequency and distribution of different forms of bisexual catkin
A systematic study of c. 600 bisexual individuals of S. myrsinifolia revealed that catkins with a transverse gender division were the most common and the female sector chiefly occurred in the upper part of a catkin ( Fig. 2 : types 3-5).
Usually one type of bisexual catkin dominated on a given shrub, and catkins of one or the other sex occurred alongside them. In the presence of female catkins, bisexual neighbours were dominated by the female segment. Equally, where male catkins co-occurred, male flowers often prevailed in the neighbouring bisexual catkins. However, this feature was not constant for a given shrub, and sometimes changed from year to year (Tables A, B in Appendix) . Larger shrubs with a well-developed crown may simultaneously support all forms of bisexual catkin and also catkins of the two sexes separately.
Bisexuality of an individual shrub did not appear to limit the number of catkins, and the possibility that it actually favours an increase in numbers cannot be excluded. The development of foliage occurred later on shrubs with strongly expressed bisexuality than on female shrubs.
A consistent pattern was evident in the distribution of different forms of catkin on bisexual shrubs (Fig. 4) . Beginning at the apex of an unbranched shoot (locations 1 and 2), female and bisexual catkins were most common; the latter typically had only a small male segment at the base. At lower levels (positions 3 and 4), bisexual catkins with a larger male segment prevailed, in the lowest positions (beginning from locations 11 and 12), there were only male catkins were found.
The stability of sexual forms under natural conditions
In all three populations, marked shrubs which were bisexual at the beginning of the study retained this trait throughout the 9-year observation period. However, there were changes in both the frequency of bisexual and monosexual catkins and in the proportions of different forms of bisexual catkin (Table 1) . Only bisexual individuals with a clear prevalence of female features retained their character.
The stability of bisexuality on individual shrubs was clearly confirmed in the two largest populations: in the Biebrza valley (660; 500 individuals) and near Bial / ystok (650; 400 individuals). All the bisexual specimens in the Biebrza Valley which survived the 3-year observation period (76 out of 80) retained this feature, as did all 82 bisexual shrubs in the Bial / ystok population. The growth of shrubs in terms of height and breadth usually led to a relative and absolute increase in the proportion of bisexual catkins, as well as to a larger variety of catkin forms. However, it proved impossible to rank shrubs according to the frequency of male, female and bisexual catkins because of the variability of the data (cf. Tables A, B in Appendix).
In each of the two selected populations more than 5% of individuals were monosexual when marked but had become bisexual by the time the two-year period had elapsed. Such changes affected eight male and 16 female shrubs in the Biebrza River population (660) and ten male and eleven female shrubs at Bial / ystok (650). Equally, in each population there was one case of the reverse change, i.e. from bisexuality to monosexuality (see individual 2 in Table A and individual 429 in Table B ).
The stability of bisexuality in the experimental garden
Features of bisexuality were also retained by individuals of S. myrsinifolia transferred from the wild state to an experimental garden. The apical 20-25 cm of shoots from bisexual individuals were cut in the early spring when inflorescence buds were still closed, and transferred to the experimental garden. The shoots rooted only poorly: of the 150 collected (15 from each of 10 shrubs) only 18 produced roots, of which eleven flowered in the next year. Bisexual catkins appeared in abundance on five of them (up to 26 on the branch), along with female and male catkins. In cases of death of the upper part of shoots (a frequent side-effect of transplanting), bisexual catkins appeared on the offshoots, including those very near to the ground, similar to the shrubs transplanted with their roots. The remaining six samples rooted poorly, Changes in shrub dimensions (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) Height (m) 4.5
Diameter (m) 4.3
No.
(%
(%) In the next year (1998), the female branches of the previous year remained, but bisexual catkins also appeared on the branches flowering for the first time. The sex structure of local populations of S. myrsinifolia
Polana Bial / owieska
In the interior of the forest complex of Puszcza Bialowieska, S. myrsinifolia was widely distributed but occurred sparsely, commonly in groups of 10-20 shrubs. These groups usually grew in wooded valleys, in clearings and along ditches, and mostly in settled clearings, especially in the villages of Masiewo and Bial / owieża. In all sites, bisexual individuals occurred alongside monosexuals. At Bial / owieża Clearing, the species is represented by at least 29 local populations with 2-70 individuals (see Fig. 5 ). All or most individuals set flowers, and in all populations there was a clear prevalence of either male or female individuals. The sex ratio, in terms of males to females ranged from 1:0.4 to 1:0.6 in younger populations (e.g. 57, 64, 71) to 1:1.2 or 1:1.3 in older populations (e.g. 169, 77, 73, 184a, 185b, 168, 65) . A proportion of the individuals were bisexual in all but seven small populations (2-11 shrubs) at the edge of Polana. A reliable index of polygamy could only be calculated for the larger populations (> 15 individuals) and ranged between 5% and 35% (population 65, cf. Table 2 ).
Both the overall number of individuals and the index of polygamy were influenced by the proximity of the population to built-up areas, refuse dumps or road systems. The highest indices were found for population 65 at the edge of the villages of Krzyże and Zastawa; population 73 near Podolany where the railway embankments bifurcate, population 168 (Voniaca Voda), and population 184b in the Narewka Valley at Borek. All of these sites were characterized by marked habitat transformation by deposition of earth, drying-out of peat, and dumping of household chemicals and pesticides (Fig. 6 ).
Biebrza Valley and in Bial / ystok
Both populations were very dense, with individuals grouped linearly. In the Biebrza Valley, S. myrsinifolia (c. 500 plants) occurred with other species of willow along the Hończarowska Causeway, while at the suburbs of Bial / ystok (400 plants) it was present in ditches between abandoned fields. These populations included large shrubs, some of them >7 m tall; all but a few flowered. Both populations had a preponderance of females (Table 2) , but each showed an increase in the numbers of bisexual individuals during the observation period (Tables A and B) . The sex ratio did not change significantly as a result of this transition, but the index of polygamy in these populations changed from 16.6-21.6% at the Biebrza site to 23.8-29.6% in Bial / ystok between 1995 and 1997 ( Table 2 ).
The density of willows increased over a length of 3200 m from the edge of the Biebrza Valley (the road on the Tsar's Embankment) in the direction of the river. This increased aggregation was associated with differences in both the age structure and the sex structure of the population, and thus in the percentages of the two sexes and the index of polygamy. These differences were revealed by an analysis of the whole population that was divided into five sub-populations related to subsequent 640-m stretches of the embankment inhabited by S. myrsinifolia (Fig.  6 ). As the density of willows increased on successive sections of the embankment (from 25 to 250 individuals per 640-m stretch), there was a clear change in the sex ratio from a prevalence of males at the far end of the embankment via a balanced ratio in the central section to a clear preponderence of females along the final sections 4 and 5. The population found on the outskirts of Bial / ystok (a city of 280,000 inhabitants) was divided into four sub-populations of some 100 individuals. These also showed spatial differentiation. Females dominated in all four subpopulations (with male:female sex ratios between 1:1.2 and 1:1.8), but the index of polygamy was 16-33%. The sub-population with the highest percentage of bisexual individuals occurred at an extreme location in a habitat highly-modified by the movements of earth and the dumping of refuse. Intra-populational differences increased as a result of the changeover in some individuals from monosexuality to bisexuality during the study period. While the sex ratio remained constant in both the four sub-populations and the population as a whole, there was an overall increase in the index of polygamy (cf. Table 2 ).
Regional variation in the proportion of bisexual individuals in NE-Poland
The south-western part of the range of S. myrsinifolia coincides with NE-Poland (Fig.  7) ; 42 local populations in this area were studied using a regular grid of mapped lines separated by one degree of longitude and 20' of latitude. Irrespective of size, all populations included bisexual individuals and were thus polygamous.
While there was always a clear prevalence of males over females (especially in the largest and oldest populations), the index of polygamy ranged widely (1-35%). In spatial terms, this variability was continuous in nature. The highest indices of polygamy occurred in the large populations in the central part of the geographical range of S. myrsinifolia in NE-Poland. (Fig. 7) . A significant positive correlation (P < 0.05) was found between the index of polygamy and the index of ruderalization (degree of transformation of habitat and environmental conditions; Fig. 8 ).
Discussion
The evidence presented here suggests that the formerly rare phenomena of bisexuality and polygamy have become much more abundant in the dioecious species S. myrsinifolia in recent years. What are the reasons for this change? -In discussing this question we must consider the nature and causes of androgyny in S. myrsinifolia and the possible mechanisms responsible for the changeover of an individual from monosexuality to bisexuality. The role of bisexual individuals in the structure of local populations and the scale of the phenomenon of polygamy in a large part of the species' geographical range are also matters of interest. In this discussion I consider the following issues: (1) the nature of bisexuality as seen in the genus Salix; (2) the dating of the appearance of this phenomenon at a large scale; (3) possible causes the changeover from monosexuality to bisexuality in individuals of S. myrsinifolia; and (4) the functional consequences of the spread of bisexuality for the populations.
The nature of bisexuality in Salix
It is clear that bisexuality in willows is not equivalent to hermaphroditism in other flowering plants. The permanent functional linkage in one flower of both sexual organs is morphologically and physiologically established in typically hermaphroditic individuals and further manifested in common perianths, nectaries, etc. Further, secondary differentiation of the model structure of the flower (e.g. heterostyly) is also maintained genetically and can be understood in functional terms.
In contrast, the highly varied bisexuality observed in individual willows is best defined in terms of the concept of androgyny. In the old literature, "androgyny" was not only applied in the description of bisexuality as a case in which both stamens and pistils are present on the same flower, but also in the case in which both male and female flowers occur on the same inflorescence. First and foremost, the concept of androgyny includes bisexuality as an undecided, unstable phenomenon with various departures in the directions of either true hermaphroditism or monosexuality, and also as a phenomenon involving a change of sex induced or enhanced by the action of external factors such as disease (see for example Szweykowska & Szweykowski 1993) . This was how the concept was understood by the earliest researchers who observed the phenomenon of bisexuality in willows (e.g. Hegelmaier 1866; Dorn 1875; Bail 1878). As an extension of this concept, the frequent dominance of one sex on bisexual shrubs (a higher fraction of male or female catkins, or a spatial division of catkins into uneven male and female segments) may be defined as either andromonoecy or gynomonoecy. Both denote a condition in which individuals produce both bisexual flowers and other male (andromonoecy) or female flowers (gynomonoecy; compare the definitions in botanical dictionaries of Sugden 1984; Schubert & Wagner 1993; Szweykowska & Szweykowski 1993 , as well as the handbooks of Silvertown & Lovett Doust 1993; Pannell 1997b) . Such cases occur in S. myrsinifolia, but the terms do not adequately describe the range of variability in the phenomenon of bisexuality. For example individuals in a population may have different proportions of bisexual inflorescences together with both male and female ones. However, even where bisexuality and polygamy are most intense, the majority of individuals in local populations are either male or female. To date, only a few small shrubs with few catkins have been found to bear exclusively bisexual catkins.
The phenomenon of polygamy in populations of S. myrsinifolia -and to a lesser degree in those of other willows -is similar to that in populations of Acer (A. platanoides, A. pseudoplatanus, etc.) and Fraxinus excelsior, in that it reflects the co-occurrence of monosexual and bisexual individuals which may function, according to circumstance, as males or females (Val'cova 1953; De Jong 1976; Faliński & Pawlaczyk 1995) . However, the significance of this phenomenon in the genus Salix is not yet as universal as in Acer or Fraxinus, in which almost all species are polygamous, albeit with larger or smaller proportions of bisexual specimens in their populations. Bisexuality in willows is rather secondary in nature, though it may well develop further.
The spread of bisexuality in S. myrsinifolia
The widespread occurrence of bisexuality in S. myrsinifolia is an impressive finding which appears to be new, at least as far as the scale of the phenomenon is concerned. Evidence from early writings strongly suggests that it was formerly rare and exceptional, and this conclusion is supported by the small numbers of bisexual specimens of S. myrsinifolia that can be found in old herbarium collections (Table 3) . One of the richest and oldest of Europe's herbaria is that of the University of Uppsala, Sweden, which has assembled over nearly two centuries an exceptionally rich collection of this species from the centre of its geographical range. Nevertheless, of 1245 sheets, only 15 display bisexual specimens. Other herbaria have even lower proportions of such individuals. In the case of systematic collections oriented towards Salix species (e.g. the BSG herbarium in Bial / owieża since 1960), all the bisexual specimens derive from the years 1989-1997. The recent increase of the phenomenon is documented to a lesser degree in other Polish herbaria. Indeed, even the low proportion of bisexual specimens in herbaria may be an over-representation, since many collectors paid particular attention to the description and documentation of curiosities.
Factors determining bisexuality in S. myrsinifolia Rainio (1927) suggested several factors as possible causes for the appearance of bisexual flowers in S. myrsinifolia including ex- * Pl. Exsicc. from Petersburg; ** +2000 specimens, incl. 600 bisexuals from NE-and E-Poland (1989 -1997 ; ᭺ individual sex not manifested. treme temperatures, habitat properties and attack by insects. He also drew attention to the frequent appearance of bisexual flowers on individuals of hybrid origin. Rainio (1927) proposed a very complicated classification of the different forms of the phenomenon based on the dominance of one of the sexes during development of a bisexual flower. This classification was never adopted and now has only historical significance. The role of similar environmental factors was also considered by Maljutina (1972 Maljutina ( , 1973a and Maljutina & Maljutin (1972) . The work of the present author suggests that bisexuality in individuals of the species is not strictly linked with hybrid origin. Even the very large polygamous populations of the Biebrza Valley and Bial / ystok show no increase in the frequency of bisexual individuals amongst plants of hybrid origin.
In seeking a direct environmental factor responsible for the recent growth of polygamy in S. myrsinifolia in Poland, we should not ignore the most dramatic environmental event occurring in the period immediately prior to the first observations is this study, namely the radioactive contamination resulting from the disaster at the Chernobyl nuclear power station in 1986. Equally, the contamination of the local environment with household chemicals and pesticides must be considered. Evidence that the phenomenon is in fact related to local pollution is the tendency for S. myrsinifolia to occur in all excavations filled with the packagings of household chemicals, and more generally in habitats which have been very highly modified by human activity (see the characterization of the species in the Introduction). Of all Europe's Salix species S. myrsinifolia seems to show the strongest association with ruderalized habitats, being almost entirely absent from pristine forests and well-preserved peatlands.
As yet, we have no evidence about the physiological basis for androgyny in willows. The explanation for the changeover of individuals from monosexuality to bisexuality may lie in a rise in the concentrations of auxins and gibberellins in the environment or, more likely, disturbances of their production in particular branches in this willow. The roles of auxins in masculinization and gibberellins in feminization are known for other species, and the substances are frequently used in horticulture. Equally, the similar action of other chemical substances in farm wastes or pesticides cannot be ruled out.
The close linkage between the presence of androgyny in S. myrsinifolia and ruderalization of habitats suggests that two sets of factors may be at work in such habitats. On the one hand, some aspect of these habitats clearly favour the spread of this species. On the other hand, habitat conditions affect their sexual behaviour through the partial replacement of monosexuality by bisexuality at the level of the individual, and in consequence of dioecy by polygamy at the level of the population. It seems probable that the change in reproductive behaviour of some species of willow has occurred in response to anthropogenic influences in the environment that are hard to identify at present. To understand the evolutionary implications, we need to consider how bisexuality affects dynamics of willow populations.
Implications for population dynamics and evolutionary processes
It is interesting to speculate about the implications of bisexuality for the population dynamics of the species and the genetic structure and functioning of populations. These questions are extremely complex, and little information is so far available. However, relevant findings from this study include: (a) the demonstration of different repeatable patterns for the partitioning of genders on infloresences and individuals; (b) the full functioning of flowers and inflorescences and the vitality of seeds from bisexual individuals; (c) the retention of the features of bisexuality on the same individuals over several successive years, including on individuals transferred whole to an experimental garden or set from branches; (d) the changeover of further individuals from monosexuality to bisexuality; (e) the large and increasing proportions of bisexual individuals in local populations (from 1 in 6 to 1 in 3, with a male:female ratio changing with the age of the population from 1:0.4 to 1:1.5; this is thus a trend in the ratio comparable to that noted for Salix pentandra (Faliński 1980b) ; and (f) the exceptional vigour of bisexual plants; and (g) bisexual plants are capable of self pollination, and their seeds are fertile.
As we have seen, bisexual plants are often particularly vigorous. This higher than average vigour (growth, abundant flowering) could be an effect of the polyploidy often present in S. myrsinifolia. However, high numbers of chromosomes (>100) occur in at least 20 Salix species (A. Jankun, pers. corr.), and in S. glauca the number may even reach 2n = 190 or 224 (Wilkinson 1944; Hakansson 1955; Argus 1973; Büchler 1985) . Other possible consequences for population dynamics arise from the disturbances to the normal phenology of flowering, pollination and fruiting that were noted by Elmqvist et al. (1988) in local dioecious populations of S. myrsinifolia.
The changeover of some monosexual individuals to bisexuality (and vice versa ) also has implications for the genetic structure of populations; the further fate of such individuals has been discussed in other genera, e.g. by Lloyd & Webb (1977) , Charlesworth & Charlesworth (1978) , Charnov (1982) , Silvertown & Lovett Doust (1993) and Pannell (1997a Pannell ( , 1997b .
Accepting that the bisexuality of individuals of S. myrsinifolia is of secondary nature, that it may occur in both inititally male and initially female individuals, and that it is induced by some environmental factor, the issue of niche partitioning between the two sexes becomes complicated. Niche separation between the sexes has been addressed for a number of dioecious species (e.g. Freeman et al. 1976; Faliński 1980a Faliński , 1980b Cox 1981; Ågren 1987; Crawford & Balfour 1990 , among others). However, polygamous populations of Salix effectively involve three "genders" of individuals. Similarly, the sexual dimorphism of individuals, and its consequences in, for example, the biomass production and its allocation (see e.g. Falińska 1982; Ramp & Stephenson 1987 ) take on new significance.
Future work should consider the possibility that the spread of androgyny and polygamy in S. myrsinifolia may be not simply a physiological response to changes in habitat/environmental conditions, but may be favoured by the particular pressures to which individuals and populations of the given species at the edge of its geographical range are subject.
In conclusion, the presence in the same local populations of S. myrsinifolia of bisexual individuals alongside monosexual ones represents a change in the sex structure of the population from dioecious to polygamous. The necessary identification of the mechanisms behind the changeover of individuals from monosexuality to bisexuality lies beyond the direct aim of the present research. However, a presentation of the nature and scale of the phenomenon of androgyny and was necessary to characterize polygamous populations of S. myrsinifolia in a large peripheral part of its range.
A not yet fully explained biological observation, studied only with the aid of ecological methods, has turned out to be an interesting phytogeographical phenomenon as well. It may also prove to be an example of rapid biological change in reponse to anthropogenic environmental factors. It is necessary to continue the observations on marked individuals and to perform experimental studies of the factors affecting sex determination.
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